Materials and methods Mice exposed prenatally to diethylstilbestrol (DES-exposed
Introduction
DES-lineage mice at 4 weeks of age and reinstated at delivery of a litter. During the interim period they were fed either a low fat diet, with 2.6% fat Diethylstilbestrol (DES*) is a transplacental carcinogen in by weight or a high fat diet with 29% fat. The same sequence of dietary several species of laboratory animals (1) and in the human treatments was used for the control low and high fat groups. The full population (2) . In mice, this carcinogenicity can be transmitted composition of these freshly prepared powdered diets has been published previously (9, 10) . from the prenatally exposed offspring to the next generation (3). Female offspring of matings utilizing males prenatally Autopsy exposed to DES developed an increased tumor incidence (4), tumors were a common basis for euthanasia and the average among the four experimental groups (P Ͼ 0.6). One of the *Significantly higher than low fat DES-lineage-2 mice (P ϭ 0.03).
B.E.Walker and M.I.Haven
mammary adenocarcinomas metastasized to the lung in a mouse exposed prenatally to high fat. Uterine tumors were adenocarcinomas. Cervical tumors were also adenocarcinomas, since they had significantly more reproductive system tumors but the cells were characterized by foamy cytoplasm similar and more tumor-bearing mice than the corresponding low fat to mucous cells of the vaginal epithelium. Ovarian tumors were control group. The addition of a high fat diet partially obscured common adenomas, including luteoma, papillary cystadenoma the DES effect, since there was no increase in tumor-bearing and granulosa cell tumor.
mice in DES-lineage-2 high fat mice compared to control high Cervical adenocarcinomas were found only in mice with fat mice, although the total number of tumors was increased. ancestral exposure to DES (Table I) . In respect to multiplicity Another indication of a DES multigenerational effect was the of tumors, there were 22 tumor-bearing mice in the low fat appearance of cervical adenocarcinomas in both DES-lineagegroup of mice with ancestral exposure to DES compared to 2 groups, but not in either group without DES ancestral 10 in the control group, which is a significant difference in exposure. Cervical adenocarcinomas are not normally seen in relation to total mice at risk (P Ͻ 0.02). Among the mice untreated mice (12), but a unique type of adenocarcinoma exposed prenatally to high fat, there were 17 tumor-bearing induced by direct prenatal exposure to DES (1) matches those mice in the group with ancestral exposure to DES and 15 seen in the DES-lineage-2 mice. tumor-bearing mice in the group without DES exposure (P Ͼ The intensity of effect was unexpectedly high. Compared 0.2). Most of the tumor multiplicity arose from involvement to the original DES-lineage study in which 25 reproductive of multiple organs rather than from increased bilateral involvesystem tumors were found among 40 mice (3), neither the low ment of the same organ. No litter effect was detected in any fat, nor the high fat DES-lineage-2 groups had significantly of the four treatment groups (P Ͼ 0.2).
fewer tumors (P Ͼ 0.1). The possible transmission routes for Among other tumors that may have been influenced by the multigenerational effects are maternal and germ cell (4,5). exposure differences between the four groups, there were two DES is reported to be genotoxic (15). If the DES damage was pituitary tumors in low fat DES-lineage-2 mice; one pituitary being carried from generation to generation by a simple tumor and one Harderian gland adenocarcinoma in high fat dominant gene mutation, a significant reduction in tumor DES-lineage-2 mice, one pituitary tumor in low fat control incidence would be expected between generations, since the mice, one Harderian gland adenocarcinoma metastatic to the DES-lineage females were mated to control males. Another liver in mice with prenatal exposure to high fat, but no possibility is that the multigenerational cancer effect was being ancestral DES exposure. The common spontaneous tumors of transmitted by imprinting (7). Two tumors cited as examples the CD-1 strain are listed in Table II . None were increased by of abnormal genomic imprinting in human cancer are hydatidiancestral exposure to DES (P Ͼ 0.2), but one control group form mole and ovarian teratoma (8). Both of these tumor types had an unusually high number of liver tumors (P Ͻ 0.05).
have been reported in mice exposed prenatally to DES (16, 17) . Also, liver tumors were significantly more often found in Thus, abnormal imprinting is one possible hypothesis to explain association with reproductive system tumors in both experi-DES multigenerational carcinogenicity. mental groups with ancestral exposure to DES (P Ͻ 0.05), An alternative hypothesis can be proposed by considering but not in either group without DES exposure (P Ͼ 0.2).
the cervical tumors which appeared in DES-lineage-2 mice. These tumors resemble those seen in DES-exposed mice Discussion and are probably the murine equivalent of the clear cell adenocarcinomas that have appeared in some women exposed The persistence of a multigenerational carcinogenic effect was clearly established in DES-lineage-2 mice on a low fat diet, prenatally to DES (1). Molecular genetic analysis of these The evidence that the intensity of the DES multigenerational 1215-1225. effect is strong has potential significance for the human 20. Mohr,U., Emura,M., Kamino,K., Steinmann,J., Kohler,M., Morawietz,G., population. Over 2 million women are estimated to have been Dasenbrock,C. and Tomatis,L. (1995) cell damage by waiting for an increased cancer rate could take Received on August 19, 1996; revised on November 22, 1996 ; accepted on over 50 years, by which time a country's germ cell pool could December 6, 1996 have become massively contaminated.
